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Abstract The use of molecular tools, principally qPCR,
versus traditional culture-based methods for quantifying
microbial parameters (e.g., Fecal Indicator Organisms) in
bathing waters generates considerable ongoing debate at the
science–policy interface. Advances in science have allowed
the development and application of molecular biological
methods for rapid (*2 h) quantification of microbial
pollution in bathing and recreational waters. In contrast,
culture-based methods can take between 18 and 96 h for
sample processing. Thus, molecular tools offer an
opportunity to provide a more meaningful statement of
microbial risk to water-users by providing near-real-time
information enabling potentially more informed decision-
making with regard to water-based activities. However,
complementary studies concerning the potential costs and
benefits of adopting rapid methods as a regulatory tool are in
short supply. We report on findings from an international
Working Group that examined the breadth of social impacts,
challenges, and research opportunities associated with the
application of molecular tools to bathing water regulations.
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INTRODUCTION
Regulation of bathing and recreational water quality is
undertaken around the world to protect the environment,
human health, and economic livelihoods (Nevers et al. 2014;
Reder et al. 2015). Methods used to quantify microbial water
quality vary but the most commonly employed approaches
use nutrient rich media to culture fecal indicator organisms
(FIOs, e.g., Escherichia coli and intestinal enterococci). The
culture-based approach provides a widely used basis for
informing on human health risks associated with sea-bathing
via an established epidemiological evidence-base (Kay et al.
2004). The professional and regulatory norms that drive use
of this technique are longstanding, and have developed in
conjunction with investments in technological capacity and
scientific infrastructures that make them cost effective and
politically uncontroversial. However, culture-based meth-
ods are often criticized in terms of speed of analysis, which
can take between 18 and 96 h for sample processing (Raith
et al. 2014). With their potential to reduce sample processing
time to between one and two hours, interest in molecular
biological tools, such as quantitative polymerase chain
reaction (qPCR), for beach management is growing. Briefly,
qPCR is a nucleic acid-based approach that amplifies and
simultaneously quantifies a DNA target. Thus, molecular
biological tools offer an opportunity to provide a more
meaningful statement of microbial risk to water-users by
providing near-real-time information, enabling potentially
more informed decision-making with regard to water-based
activities (Mendes Silva and Domingues 2015).
The USA has begun to utilize qPCR methods at some
recreational beaches on a voluntary basis. This was
prompted by a lawsuit against the US Environmental
Protection Agency (EPA) filed by the Natural Resources
Defence Council (NRDC) and others which argued that
USEPA had not delivered on its intention to explore new or
revised water-quality criteria linked to rapid test methods
(Gooch-Moore et al. 2011). In response, the USEPA pub-
lished the 2012 revised Recreational Water Quality Criteria
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(RWQC) for FIOs in marine and fresh waters (U.S. EPA
2012); within these criteria there are regulatory action
thresholds for enterococci as determined by qPCR. Indi-
vidual states can choose to use these recommendations to
make precautionary beach management decisions and/or to
develop recreational water-quality standards in line with
this approach (Haugland et al. 2014).
In general, the lawsuit is a good indication of institu-
tionalized environmental agendas gradually fragmenting
and changing in the light of new models of working
although, in practical terms, the pattern of qPCR uptake and
experimentation is uneven. While qPCR is now being used
by some beach managers in the USA, the case for wide-scale
adoption of this molecular approach is the focus of global
debate, with regulators and researchers drawing attention to
a number of technical and logistical issues associated with
this emerging technology (Oliver et al. 2014). For example,
the practical benefit of rapid analysis can be hampered,
particularly in the EU, by centralized laboratory infrastruc-
ture (i.e., sample transit time to the laboratory exceeds the
duration needed for qPCR analysis). There also remain
uncertainties regarding the robustness of the qPCR epi-
demiological evidence-base (Oliver et al. 2014). In general,
the prospect of international regulatory communities
adopting qPCR as a ‘‘rapid’’ method, with defensible cost
efficiencies, remains uncertain and long term.
The research community has invested significant effort in
exploring the potential of molecular methods applied to beach
management (Wade et al. 2006; Griffith et al. 2009; Whitman
et al. 2010). While the evidence-base to underpin qPCR
deployment for the regulation of microbial water pollution is
expanding, it remains immature when compared with culture-
based methods, and this limits the operational utility of qPCR
within regulatory monitoring regimes outside the USA. Over
time, these advances in research and development (R&D) will
help to determine the viability of qPCR becoming a more
commonly used tool for microbial water-quality management
and regulation. There exist few complementary studies
addressing the potential wider costs and benefits of adopting
qPCR as a regulatory tool (Pratap et al. 2011). The likelihood
of ‘‘win–win’’ scenarios versus ‘‘trade-off’’ scenarios con-
cerning social-, economic-, environmental-, and health-re-
lated impacts resulting from rapid microbial water-quality
reporting methods, relative to current approaches, remain
largely anecdotal and need to be exposed to systematic and
critical inquiry. Normative assumptions that flow from the
case for rapid assessment need to be tested; such methods may
also impact negatively on beach users as well as local com-
munities and businesses reliant on tourism. With limited
research documenting the importance of beach management
decisions to a wider society (Rabinovici et al. 2004), the case
for a coordinated research agenda, focusing on the wider
social and economic impacts, and behavioral dimensions of
‘‘rapid methods’’ is arguably long overdue, and increasingly
exposed as a policy research ‘gap’ given the pace at which
environmental applications of qPCR have been developing.
Others have also called for the emergence of research agendas
that extend much further than ensuring water-quality stan-
dards alone are met (Bridge et al. 2010).
Moreover, if qPCR is adopted widely in the USA, as a
preferred method for quantifying levels of fecal pollution,
it is likely that exploring qPCR as a regulatory tool for
enumerating microbial parameters under the EU Directives
will emerge as procedural policy development need in the
UK and the rest of Europe (Oliver et al. 2010). It was
precisely in this context that an international Working
Group (WG) was established in the UK under the auspices
of the ‘Delivering Healthy Water (DHW)’ project. Within
this a social and economic component of the WG was
developed with the aim of interrogating and debating the
existing evidence-base concerning wider social and eco-
nomic impacts and complexities across local-to-regional-
to-national scales, of a potential transition from culture- to
molecular-based approaches for quantifying microbial
compliance parameters in bathing waters. This commen-
tary draws on the collective expertise of our international
WG and spans policy, regulatory, non-governmental
organization (NGO), and academic perspectives. It
attempts to capture, for the first time, the breadth of
opportunities and challenges that exist within this emerging
social science research agenda concerning the scientific
practices that inform and deliver on bathing water
regulation.
EMERGING SOCIOECONOMIC RESEARCH
THEMES
Our WG capitalized on extensive specialist and policy
expertise associated with the participating members. The
WG comprised 12 core members associated with the wider
DHW project plus 16 experts spanning the disciplines of
economics and social sciences. We augmented our WG
further through an online-structured survey. This survey
combined closed and open questioning and was embedded
into the project website with a link which was distributed
widely over a period of 2 weeks. This enabled us to capture
global views on challenging, unresolved, or priority
research questions from a cross section of academic, pol-
icy, regulatory, local authority, and NGO communities who
accounted for 54, 6, 14, 3, and 23 % of responses,
respectively. This process resulted in the collation of over
60 priority socioeconomic research questions and chal-
lenges associated with culture-to-molecular methodologi-
cal transitions for evaluating bathing water quality. Using a
workshop format, the WG distilled this information into six
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thematic groupings, removing duplication and ambiguity in
the responses, and generating a record of priority research
questions related to wider socioeconomic impacts of
methodological transition (Table 1). Each thematic group-
ing of future research needs outlined in Table 1 is sum-
marized below. Taken together, they describe a roadmap of
social and economic research opportunities.
Direct cost implications: investment, infrastructure,
and logistics
From the perspective of economic cost, the potential to
introduce and expand the use of molecular biological tools
shares with any new technology and tool a burden of
potentially high upfront investment costs. They require
investment in training and associated infrastructures and
require the expertise of more specialist staff. At the most
basic economic level, moving from a cheaper (culture)
method to a more expensive (qPCR) method will necessi-
tate an initial phase of intensive training and infrastructure
support followed by a period of concurrent monitoring and
analysis via both culture and qPCR, i.e., to test equiva-
lence, which would involve significant resource obligations
at a time when finances available for environmental pro-
tection are limited (Griffith and Weisberg 2011).
Automation and economies of scale could possibly reduce
Table 1 Priority research questions
Direct cost
implications
Types of information How to measure &
communicate risk
How to measure
success of rapid
methods
How to value a day at
the beach & the cost of
illness
Visitor behavior
What infrastructure &
costs are needed to
maximize the
benefits of rapid
methods?
What quantity & type
of information would
beach users prefer to
receive? How quickly
would they like to
receive this
information & how
would they like to
access it?
What information
should be given to
the public to
allow more
informed & better
decisions about
bathing water
risk?
How would changes to
the beach take shape
(frequency/activities/
indirect & direct
economic impacts)
should water-quality
information be
improved?
We need system-wide
methods of
assessment in order to
understand the totality
of benefits/trade-offs
for valuations
What drives demand
for beach use, how
heterogeneous is it,
& what role does
water quality play
in it?
Uncertainties in the
scientific evidence-
base hindering
economic valuations
need to be addressed
Does the preference for
certain type of
information or the
way in which it is
accessed vary
between different user
groups & if so how?
How can
uncertainty
regarding health
risk be better
incorporated into
valuation
scenarios of
bathing water
quality?
What are the additional
(£/$) benefits in terms
of enhanced
ecosystem services
from actions to
reduce health risks in
bathing waters?
Do we know enough
about the
vulnerability/WTP of
different user groups
with regard to health
risks?
How do we
distinguish the
effects of changes
in water quality
compared to the
effects of signs on
beach-going
habits?
How should
investment be
distributed between
microbial risk
management (beach
monitoring) &
prevention
(catchment
management)?
Would recreational
water users react to
information on water
quality? What
information would
people respond to?
What is the best way
to present risk
information, i.e., risk
of GI infection
Is there a common
set of
demographic
factors that
explain variation
in responses to
risk information?
What are the measures
by which we can (&
want to) evaluate
beach management
success?
What are the economic
impacts of illness as a
result of exposure to
polluted waters and
how might rapid
methods alter the cost
of health-care?
Which groups of
recreationists
would be most
affected by 1)
advisory signs, 2)
water-quality
changes?
Would predictive
modeling have more
merit than using
other methods
requiring
infrastructural
reorganization?
Can we determine
impacts on behavioral
response of the same
information being
presented to
recreational water
users in different
ways?
Does prediction of
water quality
have more value
to beach users
than ‘‘real’’
water-quality
data?
How do we capture the
benefits to new
recreational water
users who do not
currently use a beach
due to poor water
quality?
Would the use of new
methods lead to more
beach failures? If so
how would this
change the value of a
day at the beach?
What would be the
economic costs?
What is the impact of
posting warning signs
at beaches to 1) users
& 2) local
economies?
What are the regional
differences in
attitudes &
preferences
regarding the
impact of near-
real-time water-
quality
information?
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costs in the future. Additionally in the EU, modifying
regional laboratory infrastructure would be a prerequisite
for the deployment of qPCR as a method to quantify
microbial compliance parameters in bathing waters. This is
because the use of a national, centralized laboratory would
only serve to undermine the benefits of rapid sample pro-
cessing offered by qPCR, due to transport time.
The integration of geospatial and socioeconomic data
via geographic information systems (GIS) could be utilized
to determine the optimal spatial organization of regional
laboratory infrastructure to enable a cost-effective and
timely qPCR operation across the EU. However, the sub-
sequent evaluation of potential infrastructure investments
across EU member states would challenge individual
governments. Infrastructure costs associated with the
development of regional laboratories could certainly be
estimated through tendering processes or market transac-
tions, but the wider social and cultural benefits of such an
investment are not normally directly valued in markets,
thus creating a challenging (non-market monetary valua-
tion) research opportunity for the determination of robust
cost–benefit assessments (Hatton MacDonald et al. 2015).
In addition, benefits arising from a shift to rapid assessment
methods for bathing water regulation are likely to be long
term and difficult to estimate, whereas the costs of bringing
about this change of method deployment and any associ-
ated infrastructural reorganization would be much more
immediate (Ostberg et al. 2012). Economic scenario
modeling could provide a useful tool for exploring the
potential value of benefits arising for future investment (see
Table 1). For example, this might consider whether funds
could be better spent on risk prevention (source water
protection, i.e., catchment management) as opposed to risk
management (i.e., beach monitoring and/or predictive
modeling as recommended by WHO (2003)).
Types of information: The what, when, and how
The use of scientific data to inform issues of water-quality
and risk management varies considerably depending on the
spatial and temporal scales at which problems and
responses are being defined. Water assessment tools as
instruments of policy delivery over the long term and at the
macro-scale are defined by needs quite different to that of
the micro-decisions of individual water user, situated and
acting in a profoundly localized time and space. This cre-
ates a clear conflict in stakeholder preference for bathing
water assessment tools. Regulatory compliance with the
EU Bathing Water Directive (BWD) does not necessitate
the use of rapid methods, and thus the speed of response is
not a regulatory priority. In contrast, beach users are likely
to welcome a more immediate ‘‘real-time’’ statement of the
risk posed by bathing water quality in order to make better
and more informed decisions concerning which beach to
visit and what activities to undertake. The general question
is whether our investments in science reflect these different
purposes, and whether is it sufficient to align our prefer-
ences to one particular scale alone.
However, the underpinning debate is more complex for
the alignment of science to micro-architectures of decision-
making requires in and of itself a more challenging regime
of scientific research. In the UK, for example, current
monitoring regimes involve the collection of *20 samples
at each designated bathing water site during the bathing
season. The adoption of a rapid method to inform on water
quality would require an increased sampling frequency
given that knowing quickly about microbial water quality
is of limited value if sampling is only undertaken once a
week. Indeed, evidence of significant within-day variability
in bacterial compliance parameters at bathing beaches is
growing suggesting that even daily sampling may not
adequately characterize risk to bathers where the samples
do not characterize the times of peak bather pressure
(Mudd et al. 2012; Wyer et al. 2013). Before considering
methodological transitions and the infrastructural reorga-
nization necessary for regional laboratory analysis, and
keeping in mind that regulatory compliance does not
necessitate rapid sample processing, it is useful to situate
innovation within a wider critical discussion of where
priorities for knowledge generation and exchange reside.
We might remark that the production of more information
is not equivalent to the production of meaning from the
perspective of beneficiaries and still less a guarantor of on-
site behavioral changes and choices consistent with the
minimization of risk. In the simplest terms, it is necessary
to understand better what forms and types of information
publics may need in order to act.
As highlighted in Table 1, little is known about how the
public perceives the risk of illness associated with different
microbial water-quality standards (e.g., risk of illness
associated with ‘excellent’ versus ‘good’ versus ‘sufficient’
regulatory classifications of the BWD) or how this relates
to a beach user’s acceptability threshold for FIO exposure
during sea bathing (Pratap et al. 2013). Furthermore, this is
likely to vary based on how the actual risk of sea-bathing is
communicated to the public and whether bathers are vis-
iting a beach environment singly or as part of a family
group e.g., with children or immunosuppressed persons
who may be more vulnerable to infection (Dufour et al.
2006; Wade et al. 2008; Pratap et al. 2013). And yet, in
addressing these concerns, the issue is only partially a
question of asking people what they want, which is gen-
erally an uncertain basis for understanding behavior, since
the supposition is normative, and presumes, in any case, a
priori requirements among ‘‘customers of information.’’
The issue is more about how the presentation and flow of
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information relates to conscious and unconscious patterns
of in situ behavior; about understanding the ‘cues’ that
automate, frame, and guide behaviors of different types of
user. The normative basis of more rapid assessments
directs science to questions of practical use and engage-
ment with water bodies, rather than general progress
against policy mandates operating over longer timescales,
but we cannot presume that the provision of more rapid
information would, in and of itself, be influential. This
remains an open question (Hynes et al. 2009).
Questions over the form, timing, and method of pro-
viding rapid bathing water results would, therefore, repre-
sent clear priorities for future research. To avoid conflicting
messages, on-beach presence would need consideration
with respect to the EU wide bathing water classification
symbols to be implemented at designated bathing waters at
the end of the 2015 bathing season. The effectiveness of
methods used to disseminate bathing water results are
likely to vary across different bather communities rein-
forcing the need for near-real-time messages to be com-
municated in multiple formats rather than assume a ‘‘one-
size fits all’’ approach to risk communication (Dearfield
et al. 2014). In short, there is a need to instigate studies that
understand better the way people act on relation to infor-
mation, by testing alternatives in the context of a larger,
and inevitably varied, user-behavioral narrative.
How to measure and communicate risk
Public awareness of the potential environmental pollution
and health impacts at beach environments is argued to be
improving (Given et al. 2006). However, methodological
transitions will bring a new set of public communication
challenges requiring social science research that includes,
but also is extended beyond, the matter of awareness
raising, with its implicit assumption that influencing
behavior rests largely, if not exclusively, on informing and
changing people’s minds. The idea of awareness raising
was certainly a common thread of debate among a group of
international experts convened to debate the transitioning
of new methods from R&D to an operational phase as part
of the USA’s 2012 RWQC (Boehm et al. 2009). Carefully
managed dissemination campaigns to inform beach users
of how and why methods to evaluate microbial water
quality have changed, and to highlight the strengths and
limitations of such a shift in approach, would be necessary.
New methods would also require the publication of health-
based standards built on new epidemiological evidence and
illness–response relationships, or as a minimum, proven
equivalence at a range of sites between culture-based col-
ony counts and qPCR gene copy numbers. The latter does
not prove ‘viability’ of the indicator or related pathogens
and this would need detailed attention particularly where
effluents are disinfected with UV irradiance which can
differentially attenuate culture-based and qPCR-based
fecal indicators (Stapleton et al. 2009). Clarity and con-
sistency in awareness-raising to inform people of the
rationale behind such a methodological change to groups
unfamiliar with the ‘‘culture versus qPCR’’ debate would
be paramount.
In 2015, the EU BWD (2006) will have fully imple-
mented a standardized classification system with associ-
ated pictorial symbols to reflect ‘‘excellent,’’ ‘‘good,’’
‘‘sufficient,’’ and ‘‘poor’’ bathing water quality, as deter-
mined by culture-based methods. However, few beach
users will be able to convert those classifications into a
meaningful statement of risk with regards to the per-
centage chances of them becoming ill from exposure to
bathing water. This is because little information is actu-
ally communicated to the public in terms of what a
bathing water classification means with respect to health
risk, and the inherent uncertainties associated with like-
lihood of illness (Pratap et al. 2013). Instead, the infor-
mation tends to convey a ‘‘water quality communication’’
(Pratap et al. 2011). Furthermore, the demographic make-
up of beach users receives little attention in terms of how
information is communicated. For example, what is the
best method to inform teenagers who might visit a beach
environment unaccompanied by an adult and take little
notice of traditional information displays of risks of sea-
bathing or water-quality standards? Risk communication
can be more effectively planned for and carried out if
tailored to the particular audience and their current state
of knowledge, behavior patterns, and attitudes about the
risk issue (Weinstein et al. 1998). Translating such
insights for bathing water management is an essential
component of future research investment.
While the pursuit of speedier risk communication will
continue to gather pace and necessitate a new epidemio-
logical and social science evidence-base, it is time to pause
and reflect on the quality and form of information currently
provided to the public, and understand much more about
how scientific data attains the status of information
unlocking people’s capacities and inclination to act. Could
improvements in risk communication offer a more effec-
tive approach to the management of microbial-related risks
of sea-bathing relative to the deployment of qPCR? For
example, it could be argued that publics might benefit more
from being explicitly informed of the ‘‘percent chance’’ of
illness from bathing at a particular beach rather than being
told more quickly that bathing water quality is ‘‘sufficient’’
on any given day. However, there is ambiguity in how
information would be interpreted—does a 5 % chance
mean: (i) out of every 100 bathers 5 will become ill, or (ii)
every 20 times a person bathes in water of this quality they
are likely to be ill once?
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A lack of attention has been given to how well the
public recognizes the link between beach classification,
measures of microbial pollution and recreational choices at
bathing beaches. Little research has explored these ques-
tions, yet the answers would help underpin future efforts of
effective beach management. Some may argue that com-
municating the percent likelihood of becoming ill is simply
not necessary, shrouded in uncertainty given the differen-
tial susceptibility to illness across the population, and that
ultimately any communication of measured water-quality
data to the public will always be out of date to some extent
given the potential for spatial and temporal variabilities in
microbial compliance parameters (Mudd et al. 2012).
Socioeconomic evidence also indicates that simple advi-
sory messages about whether swimming is safe, or not, are
given higher value than information on health risks (Eftec
2002).
This raises an interesting debate as to whether predictive
modeling capability, as an alternative to laboratory-based
‘‘rapid methods’’ would offer the most ‘‘value’’ to beach
users, irrespective of the form of information provision,
because of its real-time nature. This is certainly an option
and one that is being explored by the research and regu-
latory communities (Wyer et al. 2013). However, this too
needs careful consideration of alternative communication
challenges. Environmental modeling comes packaged with
inherent uncertainties which may not necessarily be
appreciated by members of the public. It is important to
note, however, that bacterial enumeration by culture and
molecular approaches is also subject to considerable enu-
meration imprecision (Environment Agency 2000).
How to measure the success of rapid methods
Determining novel measures by which we can evaluate
beach management success resulting from the use of more
rapid methods offers prospects for exciting research. The
most obvious measure in Europe is through the analysis of
classification records under EU regulation; but how would
the transition from culture to molecular-based approaches
impact this measure of success? A sustained program of
crossvalidation would be essential to prove statistical and
public health equivalence with historical records (Oliver
et al. 2010). However, a suite of social science methods
could provide alternative interpretations and measures of
the success of beach management against a backdrop of
microbial water-quality results. For example, will there be
changes in the frequency of visits and activities by the
beach-user community if water-quality information is
improved in terms of speed of provision? What would be
the consequence of the use of rapid methods in one location
for perceptions and uses of others? Given the competition
for tourists across different coastal resorts, it is apparent
that a rapid reporting of water quality (good or bad) could
lead to a transfer of visitor spending into or out of local
economies heavily reliant on holiday-maker visitation
(Pendleton 2008) and in turn lead to water-quality mea-
sures becoming a ‘‘competitive weapon.’’ Tourism demand
may then be further impacted by persistency and reputation
effects of the positive or negative reporting of microbial
water quality by rapid methods (Capacci et al. 2015). Little
is known about the potential for additional economic
benefits and wider social and cultural consequences arising
from enhanced ecosystem services, ones that might be
provided in response to the introduction of rapid mea-
surement methods for more timely provision of bathing
water-quality results and risk reduction. This seems to
relate to a more general point about whether we are capable
of collecting and combining evidence addressing the
exceptionally wide variety of benefits and costs at stake for
this issue. Intangible, long-term, and heterogeneous
impacts are a particular challenge. Furthermore, success
does not necessarily need to be measured against
improvements in bathing water quality alone (Quilliam
et al. 2015). Designated bathing waters and the surrounding
beach environment provide cultural and ecosystem services
linked to tourism and recreation that do not necessarily
involve direct contact with the water environment, e.g.,
bird-watching and wildlife observation. Subsequently,
numbers of beach users may locally increase in one loca-
tion over another due to a perceived ‘‘better’’ environ-
mental quality, irrespective of whether or not they are
recreational water-users.
How to value a day at the beach and the cost of
illness
Many market and non-market monetary valuations of
improvements in bathing water quality have been under-
taken (e.g., Georgiou and Bateman 2005; Hynes et al.
2013). Also, being able to quantify costs and benefits of
new sources of information allows decisions to be taken
over how quickly and how widely to adapt this new tech-
nology, using cost–benefit criteria (Hanley and Barbier
2009). Such approaches provide a useful template for the
exploration of the wider economic implications of a more
rapid reporting of bathing water quality arising from
methodological transitions. Other key questions relate to
how qPCR-related classifications might affect tourism at
coastal resorts, and the associated willingness of the public
to pay for receiving rapid water-quality information. If
rapid methods do inform the public better of an increased
risk of illness on a given bathing day, beach users may not
only be discouraged from going into the water, but also
from visiting that particular beach altogether thereby
reducing expenditure across that community. A relevant
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question is how this compares with the potential for
healthcare savings and a reduction in the number of lost
working days arising from more rapid water-quality
reporting.
At the same time, and in pursuing these social and
economic questions, we should not lose sight of gauging
the significance and vagaries of these developments
through qualitative study, rooted in the thoughts, and
interpretations of those who ultimately bear these costs and
benefits. There is a need to fully embed our science, and
these questions of innovation, in their social and cultural
worlds. Valuation analyses are just one part of the mix.
Multiple studies exist on the wider use and non-use values
from improved coastal water quality (e.g., Eggert and
Olsson 2009; Ahtiainen et al. 2014). Similar studies
designed to investigate the impact of ‘‘the need for speed’’
in bathing water-quality reporting are now warranted.
Perhaps one of the most important social science research
questions we need to ask is whether or not a more rapid
reporting of bathing water quality, and the level of
investment needed to deliver this effectively would actu-
ally deliver benefits over time that are large enough relative
to the costs of changing to such a monitoring system?
Visitor behavior
Understanding the spatial and temporal variabilities of
beach-user habits across the UK (and indeed Europe and the
rest of the world) will add additional layers of complexity for
the academic community to consider in taking forward
emerging research priorities in this field. Regional variations
in local economic structures and beach-user attitudes and
preferences are likely to impact on the perceived usefulness
of rapid methods and the reporting of microbial water
quality. Philosophically, it needs to be considered whether
(and by how much) local preferences for different acceptable
risk thresholds and cost–benefit trade-offs should play a role.
Developing an understanding of how beach users perceive
the provision of near-real-time water-quality information,
and its implications for them personally and their overall
community, is an important and novel area of research.
However, changes to beach-going habits will be dependent
on cognitive–affective processes (e.g., attitudes and moti-
vation) inherently linked to past experiences (Brannstrom
et al. 2015) as well as public perception of improved health
outcomes associated with rapidly communicated bathing
water classifications. Receptiveness of information will
undoubtedly vary with audience (Pratap et al. 2013).
Some work has explored beachgoer’s views of other
dimensions of beach management. For example, research
exploring perceptions of the Blue Flag award scheme
identified beach visitor age and type of stay as being
influential in shaping public perception of this scheme,
regardless of location (Lucrezi et al. 2015). This study also
identified local residents as having greater awareness and
knowledge of the Blue Flag scheme relative to visiting
tourists; it would be interesting to investigate the parallels
and contrasts in perceptions and understanding across dif-
ferent demographic groups with respect to any potential
shift in water-quality assessment tools and reporting
methods. Approaches to public participation, notably in the
form of citizens’ juries, may offer opportunities for
informing future decision-making in this area as well as the
level of public understanding of the risks and uncertainties
associated with the dissemination of water-quality infor-
mation to beach users through the use of deliberative forms
of environmental risk assessment (Fish et al. 2014).
A ‘CULTURE’ CHANGE IN BEACH
MANAGEMENT?
Despite the scientific evidence-base, which is rapidly
evolving in an effort to underpin the utility of qPCR for
bathing water-quality assessment, there remain uncertainties
over the desirability of wider deployment of this method for
regulatory monitoring (Oliver et al. 2014). Efforts focus on
the science and technology development with relatively little
resources going into wider societal and cultural contexts and
impacts (both positive and negative) concerning the use of
‘‘rapid methods’’ for informing the public about bathing and
recreational water quality. It is understandable that signifi-
cant effort has been invested in qPCR development with
respect to bathing water science given the increased attention
of method suitability in the US and a general interest in the
value of rapid methods from the rest of the world. However,
beach environments are also social environments, a source of
well-being for beach users and others, and a key source of
income revenue for some local economies (Quilliam et al.
2015). With that in mind, it is essential that the wider social
ramifications of method transition are suitably explored to
enable a coupling of science and technology developments
with end-user needs and their assumptions and perceptions
about risk and the cognitive and noncognitive behavioral
contexts in which they are willing, able, or inclined to act.
Currently, this coupling is weak because of a lack of
socioeconomic and cultural investigation surrounding the
potential impacts of qPCR deployment for quantifying
microbial compliance parameters. Little appreciation of the
breadth and extent to which methodological transitions
might impact on wider society exists. Redressing this
imbalance is now a priority, and one that offers considerable
opportunity for interdisciplinary research.
Acknowledgments The Working Group and associated workshop
series were funded by the Natural Environment Research Council as
 The Author(s) 2015. This article is published with open access at Springerlink.com
www.kva.se/en 123
Ambio
part of the Delivering Healthy Water project (NE/I022191/1). LF
received funding in part by the European Regional Development
Fund Programme and the European Social Fund Convergence Pro-
gramme for Cornwall and the Isles of Scilly. Thanks are extended to
all participants who contributed to the online survey. Finally, the
constructive comments from two anonymous referees and the editor
helped to improve the overall quality of this manuscript.
Disclaimer The views expressed in this article are those of the
authors and do not necessarily represent the views or policies of the
U.S. Environmental Protection Agency.
Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.
REFERENCES
Ahtiainen, H., J. Artell, M. Czajkowski, B. Hasler, L. Hasselstro¨m, A.
Huhtala, J. Meyerhoff, J.C.R. Smart, et al. 2014. Benefits of
meeting nutrient reduction targets for the Baltic Sea—A
contingent valuation study in the nine coastal states. Journal of
Environmental Economics and Policy 3: 278–305.
Boehm, A.B., N.J. Ashbolt, J.M. Colford, L.E. Dunbar, L.E. Fleming,
M.A. Gold, J.A. Hansel, P.R. Hunter, et al. 2009. A sea change
ahead for recreational water quality criteria. Journal of Water
and Health 7: 9–20.
Brannstrom, C., H. Lee Brown, C. Houser, S. Trimble, and A. Santos.
2015. ‘You can’t see them from sitting here’: Evaluating beach
user understanding of a rip current warning sign. Applied
Geography 56: 61–70.
Bridge, J.W., D.M. Oliver, D. Chadwick, H.C.J. Godfray, A.L.
Heathwaite, D. Kay, R. Maheswaran, D.F. McGonigle, et al.
2010. Engaging with environmental science for public health
benefits: Waterborne pathogens and diseases in the developed
world. Bulletin of the World Health Organisation 88: 873–875.
Capacci, S., A.E. Scorcu, and L. Vici. 2015. Seaside tourism and eco-
labels: The economic impact of blue flags. Tourism Management
47: 88–96.
Dearfield, K.L., K. Hoelzer, and J.R. Kause. 2014. Review of various
approaches for assessing public health risks in regulatory
decision making: Choosing the right approach for the problem.
Journal of Food Protection 77: 1428–1440.
Dufour, A.P., O. Evans, T.D. Behymer, and R. Cantu. 2006. Water
ingestion during swimming activities: A pilot study. Journal of
Water and Health 4: 425–430.
Eftec 2002. Valuation of benefits to England and Wales of a revised
Bathing Water Quality Directive and other beach characteristics
using the choice experiment methodology, Final Report to Defra.
Eggert, H., and B. Olsson. 2009. Valuing multi-attribute marine water
quality. Marine Policy 33: 201–206.
Environment_Agency. 2000. The Microbiology of Recreational and
Environmental Waters 2000. In Methods for the enumeration of
microbial parameters in waters and associated materials, ed.
Standing Committee of Analysts. Bristol: Environment Agency
for England and Wales.
Fish, R.D., M. Winter, D.M. Oliver, D.R. Chadwick, C.J. Hodgson,
and A.L. Heathwaite. 2014. Employing the citizens’ jury
technique to elicit reasoned public judgments about
environmental risk: Insights from an inquiry into the governance
of microbial water pollution. Journal of Environmental Planning
and Management 57: 233–253.
Georgiou, S., and I.J. Bateman. 2005. Revision of the EU bathing
water directive: Economic costs and benefits. Marine Pollution
Bulletin 50: 430–438.
Given, S., L.H. Pendleton, and A.B. Boehm. 2006. Regional public
health cost estimates of contaminated coastal waters: A case
study of gastroenteritis at southern California beaches. Environ-
mental Science and Technology 40: 4851–4858.
Gooch-Moore, J., K.D. Goodwin, C. Dorsey, R.D. Ellender, J.B.
Mott, M. Ornelas, C. Sinigalliano, B. Vincent, et al. 2011. New
USEPA water quality criteria by 2012: GOMA concerns and
recommendations. Journal of Water and Health 9: 718–733.
Griffith, J.F., Y. Cao, C.D. McGee, and S.B. Weisberg. 2009.
Evaluation of rapid methods and novel indicators for assessing
microbiological beach water quality. Water Research 42: 4900–
4907.
Griffith, J.F., and S.B. Weisberg. 2011. Challenges in implementing
new technology for beach water quality monitoring: Lessons
from a California demonstration project. Marine Technology
Society Journal 45: 65–73.
Haugland, R.A., S.D. Siefring, M. Varma, A.P. Dufour, K.P. Brenner,
T.J. Wade, E. Sams, S. Cochran, et al. 2014. Standardization of
enterococci density estimates by EPA qPCR methods and compar-
ison of beach action value exceedances in river waters with culture
methods. Journal of Microbiological Methods 105: 59–66.
Hanley, N., and E.B. Barbier. 2009. Pricing nature: Cost-benefit
analysis and environmental policy. Cheltenham: Edward Elgar
Publishing Ltd.
Hatton MacDonald, D., A. Ardeshiri, J.M. Rose, B.D. Russell, and
S.D. Connell. 2015. Valuing coastal water quality: Adelaide,
South Australia metropolitan area. Marine Policy 52: 116–124.
Hynes, S., D. Tinch, and N. Hanley. 2013. Valuing improvements to
coastal waters using choice experiments: An application to revisions
of the EU Bathing Waters Directive. Marine Policy 40: 137–144.
Hynes, S., N. Hanley, and C. O’ Donoghue. 2009. Alternative
treatments of the cost of time in recreational demand models: An
application to whitewater kayaking in Ireland. Journal of
Environmental Management 90: 1014–1021.
Kay, D., J. Bartram, A. Pruss, N. Ashbolt, M.D. Wyer, J.M. Fleisher,
L. Fewtrell, A. Rogers, et al. 2004. Derivation of numerical
values for the World Health Organization guidelines for
recreational waters. Water Research 38: 1296–1304.
Lucrezi, S., M. Saayman, and P. Van der Merwe. 2015. Managing
beaches and beachgoers: Lessons from and for the Blue Flag
award. Tourism Management 48: 211–230.
Mendes Silva, D., and L. Domingues. 2015. On the track for an
efficient detection of Escherichia coli in water: A review on
PCR-based methods. Ecotoxicology and Environmental Safety
113: 400–411.
Mudd, D., T. Anan’eva, and J. Kinzelman. 2012. Examination of
diurnal variation at a non-sewage impacted beach via qPCR and
culture based methods. Journal of Environmental Protection 3:
1310–1317.
Nevers, M.B., M.N. Byappanahalli, T.A. Edge, and R.L. Whitman.
2014. Beach science in the Great Lakes. Journal of Great Lakes
Research 40: 1–14.
Oliver, D.M., M. van Niekerk, D. Kay, A.L. Heathwaite, J. Porter,
L.E. Fleming, J.L. Kinzelman, E. Connolly, et al. 2014.
Opportunities and limitations of molecular methods for quanti-
fying microbial compliance parameters in EU bathing waters.
Environment International 64: 124–128.
Oliver, D.M., A.L. Heathwaite, and P.M. Haygarth. 2010. A culture
change in catchment microbiology? Hydrological Processes 24:
2973–2976.
123
 The Author(s) 2015. This article is published with open access at Springerlink.com
www.kva.se/en
Ambio
Ostberg, K., L. Hasselstrom, and C. Hakansson. 2012. Non-market
valuation of the coastal environment—Uniting political aims,
ecological and economic knowledge. Journal of Environmental
Management 110: 166–178.
Pendleton, L. 2008. The economics of using ocean observing systems
to improve beach closure policy. Coastal Management 36: 165–
178.
Pratap, P.L., S. Redman, M.C. Fagen, and S. Dorevitch. 2013.
Improving water quality communications at beaches: Input from
stakeholders. Journal of Water and Health 11: 647–658.
Pratap, P.L., P. Desai, and S. Dorevitch. 2011. Beach communica-
tions: A need for evaluation of current approaches. Journal of
Water and Health 9: 556–567.
Quilliam, R.S., J. Kinzelman, J. Brunner, and D.M. Oliver. 2015.
Resolving conflicts in public health protection and ecosystem
service provision at designated bathing waters. Journal of
Environmental Management 161: 237–242.
Rabinovici, S.J.M., R.L. Bernknopf, and A.M. Wein. 2004.
Economic and health risk trade-offs of swim closures at a
Lake Michigan beach. Environmental Science and Technology
38: 2737–2745.
Raith, M.R., D.L. Ebentier, Y. Cao, J.F. Griffith, and S.B. Weisberg.
2014. Factors affecting the relationship between quantitative
polymerase chain reaction (qPCR) and culture-based enumera-
tion of Enterococcus in environmental waters. Journal of
Applied Microbiology 116: 736–746.
Reder, K., M. Florke, and J. Alcamo. 2015. Modeling historical fecal
coliform loadings to large European rivers and resulting in-
stream concentrations. Environmental Modelling and Software
63: 251–263.
Stapleton, C.M., D. Kay, M.D. Wyer, C. Davies, J. Watkins, C. Kay,
A.T. McDonald, J. Porter, et al. 2009. Evaluating the operational
utility of a bacteroidales quantitative PCR-based MST approach
in determining the source of faecal indicator organisms at a UK
bathing water. Water Research 43: 4888–4899.
USEPA 2012. Recreational Water Quality Criteria EPA-820-F-12-
058. United States Environmental Protection Agency, Office of
Water, Washington, DC.
Wade, T., R.L. Calderon, E. Sams, M. Beach, K.P. Brenner, A.H.
Williams, and A.P. Dufour. 2006. Rapidly measured indicators
of recreational water quality are predictive of swimming-
associated gastrointestinal illness. Environmental Health Per-
spectives 114: 24–28.
Wade, T.J., R.L. Calderon, K.P. Brenner, E. Sams, M. Beach, R.
Haugland, L. Wymer, and A.P. Dufour. 2008. High sensitivity of
children to swimming-associated gastrointestinal illness: Results
using a rapid assay of recreational water quality. Epidemiology
19: 375–383.
Weinstein, N.D., J.E. Lyon, P.M. Sandman, and C.L. Cuite. 1998.
Experimental evidence for stages of health behaviour change:
The precaution adoption process model applied to home radon
testing. Health Psychology 17: 445–453.
Whitman, R.L., Z. Ge, M.B. Nevers, A.B. Boehm, E.C. Chern, R.A.
Haugland, et al. 2010. Relationship and variation of qPCR and
culturable enterococci estimates in ambient surface waters are
predictable. Environmental Science and Technology 44: 5049–
5054.
WHO. 2003. Guidelines for safe recreational-water environments,
volume 1: Coastal and Fresh-Waters. Geneva: World Health
Organisation.
Wyer, M., D. Kay, H. Morgan, S. Naylor, P. Govier, S. Clark, J.
Watkins, C. Davies, et al. 2013 Statistical modelling of faecal
indicator organisms at a marine bathing water site: results of an
intensive study at Swansea Bay, UK. A report from the Interreg
4a Smart Coasts – Sustainable Communities Project. 67p
available from: http://www.smartcoasts.eu/gallery/launch.asp.
AUTHOR BIOGRAPHIES
David M. Oliver (&) is Senior Lecturer in Catchment Science at the
University of Stirling. His research interests include agricultural dif-
fuse pollution and approaches to integrated catchment management.
Address: Biological & Environmental Sciences, School of Natural
Sciences, University of Stirling, Stirling FK9 4LA, UK.
e-mail: david.oliver@stir.ac.uk
Nick D. Hanley is Professor of Environmental Economics at the
University of St Andrews. His research interests include environ-
mental valuation, environmental cost–benefit analysis, ecological
economic modeling, and behavioral economics.
Address: Department of Geography & Sustainable Development,
University of St Andrews, St Andrews KY16 9AL, UK.
e-mail: ndh3@st-andrews.ac.uk
Melanie van Niekerk is a postdoctoral researcher at the University of
Stirling. Her research interests include land management impacts on
water quality.
Address: Biological & Environmental Sciences, School of Natural
Sciences, University of Stirling, Stirling FK9 4LA, UK.
e-mail: melvn233@gmail.com
David Kay is Professor of Environment and Health at the Aberyst-
wyth University. He leads the Centre for Research into Environment
and Health, and his research interests include catchment microbial
dynamics and recreational and drinking water epidemiology.
Address: Centre for Research into Environment & Health, Aberyst-
wyth University, Wales SA48 8HU, UK.
e-mail: dave@crehkay.demon.co.uk
A. Louise Heathwaite is Professor of Land and Water Science at
Lancaster Environment Centre. She is currently on secondment (part-
time) to the Scottish Government as their Chief Scientific Advisor
(CSA) for Rural Affairs and the Environment. Her research interests
include nutrient biogeochemistry, rural diffuse pollution, hyporheic
zone processes, cross-disciplinary analysis of knowledge exchange,
and effectiveness of animal disease management.
Address: Lancaster Environment Centre, Lancaster University, Lan-
caster LA1 4YQ, UK.
e-mail: louise.heathwaite@lancaster.ac.uk
Sharyl J. M. Rabinovici is a Policy Research Consultant working
mainly in disaster resilience. A significant component of her research
focuses on communication about risk management actions and out-
comes.
Address: Policy Research Consultant, 1720 Le Roy Ave., Berkeley,
CA 94709, USA.
e-mail: sjmr12@yahoo.com
Julie L. Kinzelman is a Research Scientist working for the City of
Racine, where she focuses on applied science solutions to improve the
quality of surface water. Her most recent research has focused on
identifying the sources of pollution at Great Lakes beaches.
Address: City of Racine Health Department Laboratory, 730 Wash-
ington Avenue, Racine, WI 53403, USA.
e-mail: julie.kinzelman@cityofracine.org
Lora E. Fleming is Professor of Oceans, Epidemiology and Human
Health at the University of Exeter. She is a board certified occupa-
tional and environmental health physician and epidemiologist. Cur-
rently, she is the Director of the European Centre for Environment &
Human Health and her research interests include environmental and
occupational health and epidemiology including large dataset analy-
ses and interdisciplinary research.
 The Author(s) 2015. This article is published with open access at Springerlink.com
www.kva.se/en 123
Ambio
Address: European Centre for Environment & Human Health,
University of Exeter Medical School, Truro Cornwall TR1 3HD, UK.
e-mail: lora.fleming@pcmd.ac.uk
Jonathan Porter is a scientist working in the Environment Agency
National Laboratory Service. His research focuses on the science
underpinning an improved understanding of bathing water quality and
microbial source tracking.
Address: National Laboratory Service, Environment Agency, Star-
cross, Devon EX6 8FD, UK.
e-mail: jonathan.porter@environment-agency.gov.uk
Sabina Shaikh is an Economics Lecturer at the University of Chicago
in Public Policy and the Program on Global Environment. Her
research includes the valuation of economic benefits from improve-
ments in natural resource quality in the Great Lakes region as well as
the use of economic incentives for pollution control and ecosystem
improvements.
Address: University of Chicago, 5828 S University Avenue, Pick 121,
Chicago, IL 60637, USA.
e-mail: sabina@uchicago.edu
Rob Fish is Reader in Human Ecology at the University of Kent. He
is an environmental social scientist with research interests focusing on
the social and cultural dimensions of natural resource management.
Address: School of Anthropology and Conservation, University of
Kent, Canterbury CT2 7NR, UK.
e-mail: r.fish@kent.ac.uk
Sue Chilton is Professor of Economics at the University of New-
castle. The academic core of her research is applied welfare eco-
nomics, which centers on the use of surveys and experimental
situations to understand how individuals make decisions that affect
their economic welfare.
Address: Newcastle University Business School, Newcastle upon
Tyne NE1 4SE, UK.
e-mail: susan.chilton@ncl.ac.uk
Julie Hewitt is an economist and branch chief at the U.S. Environ-
mental Protection Agency in Washington, D.C. Her research interests
include cost–benefit analysis and environmental valuation.
Address: United States Environmental Protection Agency, Economic
and Environmental Assessment Branch, Office of Science and
Technology, Office of Water, Washington, DC, USA.
e-mail: hewitt.julie@epamail.epa.gov
Elaine Connolly leads on bathing and shellfish water-quality issues
for the Department for Environment, Food and Rural Affairs (Defra)
and represents the UK at EU level on bathing water issues.
Address: Department for Environment Food and Rural Affairs, Nobel
House, 17 Smith Square, London SW1P 3JR, UK.
e-mail: elaine.connolly@defra.gsi.gov.uk
Andy Cummins is the Campaigns Director for the NGO charity
‘Surfers Against Sewage’. He is interested in all aspects of the pro-
tection of the coastal and marine environment.
Address: Surfers Against Sewage, Unit 2, Wheal Kitty Workshops, St
Agnes, Cornwall TR5 0RD, UK.
e-mail: andy@sas.org.uk
Klaus Glenk is an economist at Scotland’s Rural College (SRUC).
His research interests focus on valuations of natural resources, and
ecosystem goods and services. Particular research interests include
methodological developments in choice experiments and in benefit
transfer, the incorporation of risk, uncertainty and ambiguity into
valuation methods, and contract design for public good provision.
Address: Land Economy, Environment & Society, Scotland’s Rural
College (SRUC), Edinburgh EH9 3JG, UK.
e-mail: klaus.glenk@SRUC.ac.uk
Calum McPhail is the Environmental Quality Coordination Unit
Manager for the Scottish Environment Protection Agency (SEPA). He
is chairperson of SEPA’s national bathing water management group
reporting on Scotland’s EU Bathing Waters, and he manages SEPA’s
bathing waters electronic signage and water-quality prediction sys-
tem.
Address: Scottish Environment Protection Agency, Eurocentral,
North Lanarkshire ML1 4WQ, UK.
e-mail: calum.mcphail@Sepa.org.uk
Eric McRory is Principal Economist at the Scottish Environment
Protection Agency. He has interests in environmental valuation and
environmental cost–benefit analysis.
Address: Scottish Environment Protection Agency, Stirling FK9 4TZ,
UK.
e-mail: Eric.McRory@sepa.org.uk
Alistair McVittie is an environmental economist at Scotland’s Rural
College (SRUC). He has research interests in the evaluation of agri-
cultural and environmental policy, particularly through the applica-
tion of cost–benefit analysis and non-market valuation.
Address: Land Economy, Environment & Society, Scotland’s Rural
College (SRUC), Edinburgh EH9 3JG, UK.
e-mail: Alistair.McVittie@SRUC.ac.uk
Amanna Giles is a Research Scientist (Marine) at the Environment
Agency. She has a particular interest in the science that informs our
understanding of bathing and shellfish harvesting waters.
Address: Environment Agency, Horizon House, Deanery Road,
Bristol BS1 5AH, UK.
e-mail: amanna.giles@environment-agency.gov.uk
Suzanne Roberts is Campaigns Manager at ‘Keep Scotland Beauti-
ful.’ She has a particular interest in the protection of designated
bathing waters in Scotland.
Address: Keep Scotland Beautiful, Glendevon House, Castle Business
Park, Stirling FK9 4TZ, UK.
e-mail: suzanne.roberts@ksbscotland.org.uk
Katherine Simpson is a PhD student at the University of Stirling
researching ecosystem services of the Scottish coastal zone. She has
interests in environmental economics and marine and coastal policy.
Address: Economics, Stirling Management School, University of
Stirling, Stirling FK9 4LA, UK.
e-mail: k.h.simpson@stir.ac.uk
Dugald Tinch is Lecturer in Resource Economics at the University of
Tasmania. His research interests focus on environmental and eco-
logical economics.
Address: School of Economics & Finance, University of Tasmania,
Hobart, Australia.
e-mail: dugald.tinch@utas.edu.au
Ted Thairs is project manager for UK Water Industry Research Ltd
on bathing waters. He chairs the joint Steering Group on bathing
waters, consisting of representatives of relevant government depart-
ments and agencies and the water industry in the UK, which coor-
dinates research and exchanges information on bathing and shellfish
waters.
Address: UK Water Industry Research Ltd, 8th Floor, 50 Broadway,
London SW1H 0RG, UK.
e-mail: tedthairs@sky.com
123
 The Author(s) 2015. This article is published with open access at Springerlink.com
www.kva.se/en
Ambio
Lisa M. Avery is an Environmental Microbiologist at the James
Hutton Institute. Her research interests include pathogen fate and
transfer in environmental matrices and microbial source tracking.
Address: Environmental & Biochemical Sciences, James Hutton
Institute, Craigiebuckler, Aberdeen AB15 8QH, Scotland, UK.
e-mail: lisa.avery@hutton.ac.uk
Andy J. A. Vinten is a Principal Catchment Scientist at the James
Hutton Institute. His research interests focus on the resolution of
catchment scale water-quality issues, mainly relating to agricultural
diffuse pollution.
Address: Social, Economic & Geographical Sciences, James Hutton
Institute, Craigiebuckler, Aberdeen AB15 8QH, Scotland, UK.
e-mail: andy.vinten@hutton.ac.uk
Bill D. Watts is Principal Economist for the Environment Agency.
His research interests include ecosystem valuation and the economics
of hazardous chemical regulation and Natural Resource Economics.
Address: Institute of Environment, Health & Societies, Brunel
University, London, UK.
e-mail: williamdwatts@yahoo.co.uk
Richard S. Quilliam is Lecturer in Environmental Biology at the
University of Stirling. His research interests include environmental
pathogen ecology, water-quality, conflicting ecosystem services,
sustainable agriculture and aquaculture, and sustainable disease and
waste management.
Address: Biological & Environmental Sciences, School of Natural
Sciences, University of Stirling, Stirling FK9 4LA, UK.
e-mail: richard.quilliam@stir.ac.uk
 The Author(s) 2015. This article is published with open access at Springerlink.com
www.kva.se/en 123
Ambio
